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INTRODUCTION

Complex zoning of minerals is oftebserved in volcanic rockendexperimental productsind isconsidered to be
produced by crystal growth. QUE94201, a recently discovered basaltic shergottitens coarse-grainedmplexly
zoned crystals of pyroxene [1, 2, 3, 4, 5]. THdE94201 pyroxene is zoned fravtg-rich pigeonitecoresthrough an
intermediate zone of Mg-rich augitend then teextremely Fe-rich pigeoniteams. This unique zoning gfyroxene
has been reported from Apollo lunar mare basalts such as 1208b@yer, ncsimilar zoning ofpyroxenehasbeen
reported from martian meteorites. We haueveyed pyroxenes afartianmeteorites, especially shergottitesng an
elemental mapping technique BiyOL JXA8900L electron microprobandfoundthat pyroxenes from lithology B of
EETA79001 (EETA79001B) show similar complex zoning to QUE94201 pyroxenes. Zortlmgtypehas noteen
detected from pyroxenes iiagami, ALH77005, LEW88516and Y793605. Theaffinity of zoning pattern and
chemical compositiometween QUE9420and EETA79001B pyroxenemdicate similar crystallization condition of
these shergottites, although QUE94201 is more enriched in late-crystallized phases.

QUE94201 PYROXENE

The size 0QUE94201 pyroxene is variablgnging up to 2 mm longPyroxenesreextensively zoned from Mg-
rich pigeonite core (MgFe;Ca) through an intermediate zone of Mg-rich augite (Mg.Cas) and then to
extremely Fe-rich pigeonitems (MgFe;:Cas). Pyroxeferroite is partly preseatong the edge.Some pyroxenes
show spectacular square-shaped augite z(figs 1a andlb), whereas some show incompletantling by theeffect
of off-center cut othe crystal. Becauséhe zoning pattern isomplicated, the zoningrofiles from core tagim show
different trends according to the traverse by eleatnamoprobe [3]. The zonesare parallel to {110} as indicated by
their parallelism withtwo-sets of cleavagelanes that arasuallyparallel to {110} in pigeonitend augite. The X-
shaped bridgeare observecconnectingnner corners of augite zones (Fig. 1a). These direcéoagarallel to tha
andb crystallographic axes. The twin plane of (100) is parallel to one of these directions.

EETA79001 PYROXENE
EETA79001B pyroxenesre clearly more coarse-grainethan those from lithology A of EETA79001

(EETA79001A), reaching up to 3.5 mm long. Although pyroxenes in EETA79001B show different shapethon
section due to different cut dfie crystal, it icommonthat thecoresare Mg-rich pigeoniteandtheyare mantled by
Mg-rich augite regions (Fig. 2and2b). Therim is Fe-rich pigeonite. The most Mg-rigdlyroxene ighe core of the
largest pyroxene grain, and it is MBe,Ca. A more typical core composition is MifesCao. The augite mantle is
MgaesFeCasp, and theFe-rich pigeonitaim reaches Mgre;(Cas. The augite zone®ok parallel to the elongated
axis, probablyc, andshowsimilar geometrical growth parallel to {110} asen in QUE94201 augite zones. The
zoning pattern igomplex like QUE94201 pyroxenand EETA79001B pyroxenes also have differenningprofiles
depending upon different microprobe travers@he EETA79001Bpyroxenesare typically twinned on the plane
parallel to thec axis. Shock-induced fine lamellage visible perpendicular téhe c axis. Thus, augiteones in
EETA79001B seem to have similar crystallography to those in QUE94201 pyroxene as well as similar composition.

EETA79001A pyroxenesre much smaller in sizbut some pyroxenes seemciontain augite mantles-However,
it is not clear whether these pyroxenes are typical, and further detailed map analysis is required.

PETROGENETIC RELATION BETWEEN QUE94201 AND LITH. B OF EETA79001

REE studies of QUE94201 suggé#sat it showsthe closestmatch to EETA79001B [7, 8].The texture of
QUEY94201 is alssimilar to EETA79001B irthatboth meteorites have abundant large maskelynite. Modal analysis
of maskelynite in both QUE94201,2thd EETA79001B (EETA79001,445) givadhe same maskelynite abundance,
43%, in both samples. On the otheamd, Shergottyand Zagamhave smaller amounts of maskelynite (Shergotty:
23%; Zagami: 18%) [9, 10]. Maskelynite of QUE94201 is more coarse-grdinadthat inEETA79001B, buthey
are almost comparable. It hbsen proposethat QUE94201 crystallized from a super-cootedgma ¢.g, 4, 5], and
plagioclase crystallization played an important role in pyroxene zoaiggl], 3, 4, 5].

The presence of complexly zoned pyroxenes of similar chemical composition both in QUESdEETA79001B
indicates that these meteoritedollowed similar crystallization history that was different fromother basalitc
shergottites. Thénigh abundance of maskelynite suggesiat plagioclase crystallization begaturing pyroxene
growth, mssibly from amelt thatwas supersaturated in plagioclastowever, whitlockite, opaque phases, and
mesostatisare more enriched iQUE94201than EETA79001B,and thisshows moreevolvednature ofQUE94201
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[e.g., 1,10]. Although difference isot major, it is suggestdthat basaltic shergottites can désided intotwo sub-
groups of maskelynite-poor (Shergotty, Zagaamd EETA79001A) and maskelynite-rich (EETA79001B and
QUE94201) onesThe sub-grouping of basaltic shergottites are suppémed pyroxenemineral zoning ashown in
this study.
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Fig 2a. Ca X-ray map of EETA79001B.

500 pm Mg-Pig = Mg-rich pigeonite, Aug = Augite, Fe-Pig =
Fig. 1a. Ca X-ray map of QUE94201. Fe-rich pigeonite, Ms = maskelynite.
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Fig. 1b. QUE94201 pyroxene. Fig. 2b. EETA79001B pyroxene.



